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1
MECHANICAL ARRANGEMENT OF A
MULTILEVEL POWER CONVERTER
CIRCUIT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Patent Application Ser. No. 61/426,051, filed on Dec. 22,
2010, which is incorporated by reference herein, and U.S.
Provisional Patent Application Ser. No. 61/501,876, filed on
Jun. 28, 2011, which is incorporated by reference herein.

BACKGROUND

1. Field

The disclosed concept pertains generally to power elec-
tronic devices, such as multilevel power converters and,
more particularly, to multilevel inverters and multilevel
drives.

2. Background Information

A multilevel power inverter is a power electronic device
that is structured to produce alternating current (AC) wave-
forms from a direct current (DC) input voltage. Multilevel
power inverters are used in a wide variety of applications,
such as, without limitation, variable speed motor drives and
as an interface between a high voltage DC transmission line
and an AC transmission line.

The general concept behind a multilevel power inverter is
to use a number of power semiconductor switches coupled
to a number of lower level DC voltage sources to perform
power conversion by synthesizing a staircase voltage wave-
form. A number of different topologies for implementing a
multilevel power inverter are well known, including, but not
limited to, a neutral point clamped (NPC) topology, a flying
capacitor (FC) topology, and an H-bridge topology. There is
also a neutral point piloted (NPP) topology as disclosed
herein.

As is conventional, a bank of capacitors (a “DC link™)
coupled to one or more DC voltage inputs is often used to
provide multiple DC voltage sources employed for operation
of a multilevel power inverter. For example, it is known to
use such a DC link comprising a bank of capacitors in the
NPC and FC topologies.

A conventional layout for a multilevel NPC power con-
verter or a multilevel NPP power converter leads to a
relatively large number of crossing electrical connections
and, thus, a relatively very complicated electrical bus struc-
ture. A complicated layered buswork can be cost prohibitive
in medium voltage equipment. In low voltage power con-
verters, circuit layout complexity also adds cost.

It is known to employ relatively simpler topologies or
relatively costly laminated buswork containing relatively
many layers of insulators and conductors. In low voltage
equipment, for example, a relatively highly complex inter-
connected circuit often leads to multilayer printed circuit
boards (PCBs).

FIG. 1 shows a conventional electrical layout of a five-
level NPC topology 2 for a single phase-leg having an AC
output 4, five DC inputs 6, 8, 10, 12, 14, and a plurality of
control inputs 16, 18, 20, 22 and 24, 26, 28, 30. For example,
three of these topologies 2 are used to make up a three-phase
DC to AC inverter (not shown). The mechanical layout (not
shown) of the five-level NPC topology 2 follows from this
structure of electrical connection. This structure extends to
any number of levels, where a string of diodes (not shown,
but see, e.g., diode strings 32, 34, 36 shown vertically with
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respect to FIG. 1), an extra capacitor (not shown, but see,
e.g., capacitors 38, 40, 42, 44), and two extra IGBT devices
(not shown, but see, e.g., IGBTs 46, 48, 50, 52 and 54, 56,
58, 60) are added for each additional level. The control and
gating circuit for this phase-leg and its control inputs 16, 18,
20, 22 and 24, 26, 28, 30 is not shown.

FIG. 7 shows a conventional electrical layout of a five-
level NPP topology 70 for a single phase-leg. For example,
three of these single phase-legs are used to make up a
three-phase DC-AC NPP inverter (not shown). NPP invert-
ers are marketed by Converteam Inc. of Pittsburgh, Pa. The
mechanical layout (not shown) of the five-level NPP topol-
ogy 70 follows from this structure of electrical connection.
This structure extends to any number of levels. The control
and gating circuit for this phase-leg and its control inputs is
not shown.

FIG. 11 shows a conventional electrical layout of a
three-level NPP topology 80 for a single phase-leg where
there are three DC voltage inputs 82, 84, 86.

FIG. 13 shows a conventional electrical layout of a
four-level NPP topology 90 for a single phase-leg where
there are four DC voltage inputs 92, 94, 96, 98.

SUMMARY

Embodiments of the disclosed concept are spatial (e.g.,
split) mechanical arrangements of a multilevel power con-
verter circuit (e.g., without limitation, a diode-clamped
multilevel inverter (DCMLI); a multilevel neutral point
clamp (MLNPC) inverter; a three-level neutral point clamp
inverter; a four-level neutral point clamp inverter (e.g., a
four-level NPC); a five-level neutral point clamp inverter
(e.g., a five-level NPC); a multilevel neutral point piloted
(NPP) anti-parallel inverter; a multilevel neutral point
piloted inverter; a three-level neutral point piloted inverter;
a four-level neutral point piloted inverter; a five-level neutral
point piloted inverter) to enable a relatively low cost single
plane construction of each half or both halves of a single
phase-leg.

In accordance with one aspect of the disclosed concept, a
mechanical arrangement of a multilevel power converter
circuit comprises: a power converter comprising: a first
portion comprising a plurality of first control inputs, at least
three direct current voltage inputs, and an alternating current
voltage output; and a second portion comprising a plurality
of second control inputs, the at least three direct current
voltage inputs and the alternating current voltage output, the
second portion being split apart from the first portion,
wherein the power converter has at least three levels corre-
sponding to the at least three direct current voltage inputs.

In accordance with another aspect of the disclosed con-
cept, a mechanical arrangement of a multilevel power con-
verter circuit comprises: a power converter comprising: an
alternating current voltage output; a first portion comprising
at least three direct current voltage inputs and an output to
the alternating current voltage output providing a positive
direction of current flow to the alternating current voltage
output; and a second portion comprising the at least three
direct current voltage inputs and an output to the alternating
current voltage output providing an opposite negative direc-
tion of current flow from the alternating current voltage
output, wherein the power converter has at least three levels
corresponding to the at least three direct current voltage
inputs.
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BRIEF DESCRIPTION OF THE DRAWINGS

A full understanding of the disclosed concept can be
gained from the following description of the preferred
embodiments when read in conjunction with the accompa-
nying drawings in which:

FIG. 1 is a conventional electrical layout of a five-level
NPC phase-leg.

FIG. 2 is an electrical layout of a five-level NPC phase-leg
with an alternate configuration for the free-wheeling-diodes
(FWDs).

FIG. 3 is the electrical layout of the five-level NPC
phase-leg of FIG. 2, but redrawn into a single plane in
accordance with an embodiment of the disclosed concept.

FIG. 4 is a plan view of an upper power board for the
five-level NPC phase-leg of FIG. 3.

FIG. 5 is an isometric view of an assembled phase-leg
primarily showing the upper power board of FI1G. 4 in which
the corner of a control board is shown through a cutout in the
upper power board.

FIG. 6 is vertical elevation view of an assembled module
showing the upper power board of FIG. 5 and a lower power
board.

FIG. 7 is a conventional electrical layout of a five-level
NPP phase-leg.

FIG. 8 is an electrical layout of a five-level NPP phase-leg
with an alternate configuration for the FWDs.

FIG. 9 is the electrical layout of the five-level NPP
phase-leg of FIG. 8, but redrawn into a single plane in
accordance with an embodiment of the disclosed concept.

FIG. 10 is a plan view of an upper power board for the
five-level NPP phase-leg of FIG. 9.

FIG. 11 is a conventional electrical layout of a three-level
NPP phase-leg.

FIG. 12 is the electrical layout of the three-level NPP
phase-leg of FIG. 11, but redrawn into a single plane after
being split into half-legs in accordance with an embodiment
of the disclosed concept.

FIG. 13 is a conventional electrical layout of a four-level
NPP phase-leg.

FIG. 14 is the electrical layout of the four-level NPP
phase-leg of FIG. 13, but redrawn into a single plane after
being split into half-legs in accordance with an embodiment
of the disclosed concept.

FIGS. 15A and 15B are plan views of a buswork electrical
layout of the two half-legs of FIG. 12.

FIG. 15C is a vertical elevation view of the two assembled
half-legs of FIGS. 15A and 15B.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As employed herein, the term “number” shall mean one or
an integer greater than one (i.e., a plurality).

As employed herein, the term “low voltage” shall mean
any voltage that is less than about 600 Vg, ..

As employed herein, the term “medium voltage” shall
mean any voltage greater than a low voltage and in the range
from about 600 V,,. to about 38 kV, /..

As employed herein, the term “high voltage” shall mean
any voltage greater than a medium voltage.

As employed herein, the term “inverter” shall mean an
electrical device that converts direct current (DC) to alter-
nating current (AC). The converted AC may be at any
suitable voltage and frequency.

For example and without limitation, in a conventional
two-level inverter for three AC phases, a two-level DC bus
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voltage is applied across a six-switch inverter bridge which
produces a two-level PWM voltage output. The two levels of
the DC bus constitute a positive bus and a negative bus. The
six switches are divided into three branches with two
switches each. A controller controls each switch via the
control terminals of the switch. The top switch of each
branch is connected to the positive bus and the bottom
switch of each branch is tied to the negative bus.

As another non-limiting example, an inverter may option-
ally include an active front end where, for example, a
three-phase AC to DC rectifier rectifies AC to DC for
subsequent DC to AC conversion by the inverter. With an
active front end, generally all of the DC input voltage points
of'the inverter are typically shared by multiple inverters, not
just the outer two DC input voltage points, although that is
a possible alternative.

In comparison to the two-level inverter, in a three-level
inverter for three-phases, the DC bus has three voltage levels
(relatively labeled positive, neutral and negative), and the
inverter bridge has, for example and without limitation,
twelve or eighteen switches.

As employed herein, the term “multilevel” (e.g., without
limitation, three-level, four-level; five-level; six-level;
greater than six levels) shall mean an inverter or an inverter
phase-leg capable of creating three or more voltage levels at
each terminal point typically with respect to a DC link
voltage point somewhere in the inverter.

For example and without limitation, for a four-level
inverter phase-leg, the DC voltage of a voltage intermediate
circuit is subdivided into four DC potential levels. As
non-limiting examples, a conventional NPC phase-leg has
six IGBTs and a minimum of four diodes per phase-leg, so
the minimum number of switches for a three-phase inverter
is 18 or 30 depending on whether the diodes are counted. An
NPP phase-leg, on the other hand, has basically a single
ideal switch per level, per phase, so there is a minimum of
twelve switches for a four-level NPP inverter. However, the
ideal switch implementation is not believed to be realizable
with current technology, so this number is generally much
higher. A corresponding four-level inverter for three phases
has, for example and without limitation, eighteen, thirty,
thirty six or seventy two switches (e.g., without limitation,
if a common voltage rating was desired for all switches,
although with a variety of voltage ratings, this would drop
to 36 switches for an NPC inverter and 72 switches for an
NPP inverter.

Similarly, for example and without limitation, for a five-
level inverter phase-leg, the DC voltage of a voltage inter-
mediate circuit is subdivided into five DC potential levels. A
corresponding inverter for three phases has, for example and
without limitation, forty two or sixty switches. Again, an
NPP phase-leg has basically a single ideal switch per level,
per phase, so there is a minimum of fifteen switches for a
five-level NPP inverter. However, the ideal switch imple-
mentation is not believed to be realizable with current
technology, so this number is generally much higher.

As employed herein, the term “power converter circuit”
shall mean a multilevel inverter. Non-limiting examples of
multilevel inverters include a diode-clamped multilevel
inverter (DCMLI); a multilevel neutral point clamp (ML-
NPC) inverter; a three-level neutral point clamp inverter; a
four-level neutral point clamp inverter (e.g., a four-level
NPC); a five-level neutral point clamp inverter (e.g., a
five-level NPC); a multilevel neutral point piloted (NPP)
anti-parallel inverter; a multilevel neutral point piloted
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inverter; a three-level neutral point piloted inverter; a four-
level neutral point piloted inverter; and a five-level neutral
point piloted inverter.

DCMLI and MLNPC generally refer to the same power
converter circuit. A three-level NPC, a four-level NPC and
a five-level NPC, for example, are versions of an MLNPC or
DCMLI.

As employed herein, the statement that two or more parts
are “connected” or “coupled” together shall mean that the
parts are joined together either directly or joined through one
or more intermediate parts. Further, as employed herein, the
statement that two or more parts are “attached” shall mean
that the parts are joined together directly.

There are a wide variety of ways to provide the mechani-
cal arrangement (e.g., without limitation, physical circuit
layout) in accordance with embodiments of the disclosed
concept. One non-limiting example is a single-layer printed
circuit board (PCB) layout for low voltage operation. This
can, for example and without limitation, employ air-cooled
heat sinks, employ individual liquid-cooled heat sinks, or be
immersed in a liquid coolant. Although not part of the
disclosed concept, there would also be an accompanying
control circuit that may or may not be part of the same PCB
or power converter circuit. Typically, each phase of the
power converter will employ an individual PCB. For
example and without limitation, the control circuit can be
disposed in an enclosure proximate the front of the assembly
with or without AC current sensors, or can be disposed
intermediate two PCBs. Alternatively, a DC voltage mea-
surement board can be disposed intermediate two PCBs.

As another non-limiting example, the mechanical
arrangement employs dual PCBs with each half of the
phase-leg being folded. The control circuit can then either be
sandwiched therebetween, or can be mechanically to the side
of the main power circuits. This can, for example and
without limitation, employ either individual heat sinks with
air or liquid cooling, or immersion cooling.

Example PCB layouts of the power converter can typi-
cally employ PCB-mount IGBTs or MOSFETs in packages
such as, for example and without limitation, TO-220 or
TO-247. The power converter can also be created with
surface-mount devices, such as, for example and without
limitation, a DPAK package that employs the PCB as a heat
sink. Other possible embodiments include conventional flat-
pack IGBTs on a single or multiple relatively large heat
sinks.

Another example embodiment is a medium voltage air-
cooled power converter made from a folded two-PCB layout
with a third control circuit PCB sandwiched integrally
between the other two PCBs with an insulation layer and air
between each PCB.

Example applications for the disclosed concept include,
for example and without limitation, medium voltage motor
drives, low voltage motor drives, grid-interface converters
for alternative energy, such as wind and solar converters, as
well as any power converter that creates an AC voltage.

An alternate form of the conventional electrical layout of
the five-level NPC topology 2 of FIG. 1 can be made by
connecting the free-wheeling diodes (FWDs) that accom-
pany each IGBT into single diode strings 100, 102 as shown
in FIG. 2. This topology 104 is a five-level NPC phase-leg
with an alternate configuration for the FWDs. In principal,
the anti-parallel FWDs associated with each IGBT could
then be eliminated, but they are generally needed to protect
the IGBT devices in most cases. In normal operation,
because the capacitors 38, 40, 42, 44 each have a positive
voltage, this is functionally equivalent. There are cases
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where this may behave slightly differently. For example, a
diode (not shown) may be placed across each capacitor 38,
40, 42, 44 to prevent the possibility of a negative charge
buildup in any of the capacitors during a failure.

Example 1

FIG. 3 shows the same five-level NPC electronic circuit
of FIG. 2, but redrawn into a single plane in accordance with
an embodiment of the disclosed concept. An important
aspect of the disclosed concept is this redrawn mechanical
arrangement of the same power electronic circuit configu-
ration of FIG. 1. In the disclosed mechanical arrangement
110 of FIG. 3, there are no nets that cross. The electronic
circuit itself has the same electrical connections, but is
believed to be mechanically novel and non-obvious. The
capacitors 38, 40, 42, 44 of FIG. 2 are split into two parallel
capacitors 138-139, 140-141, 142-143, 144-145, but this is
only shown to show later how it could optionally be split
into two separate circuits, such as example PCBs for the
half-legs 146, 148.

Example 2

In the disclosed mechanical arrangement 110 of FIG. 3,
the first half-leg 146 can be on a first layer of a PCB, and the
second half-leg 148 can be on a different second layer of the
same PCB separated from the first layer by an insulator (e.g.,
without limitation, the fiberglass of the PCB).

Example 3

In the disclosed mechanical arrangement 110 of FIG. 3,
the first half-leg 146 can be on a first area of a PCB, and the
second half-leg 148 can be on a different second area of the
same PCB separated from the first area by a gap (e.g., shown
about the axis 150 of FIG. 3) between the first area and the
second different area. For example, the first area of the PCB
includes at least one layer (e.g., one layer; two layers), and
the different second area of the PCB includes at least one
layer (e.g., one layer; two layers).

Example 4

Also referring to FIGS. 4-6, a non-limiting example of the
new mechanical arrangement 110 is shown. Here, the five-
level NPC electrical circuit topology 104 of FIG. 2 is first
redrawn into a single plane (as shown in FIG. 3) and, then,
is split into the two half-legs 146, 148. This mechanical
arrangement 110 enables, for example and without limita-
tion, a compact PCB or a relatively very simple single plane
buswork (see, e.g., FIGS. 15A-15C for a three-level NPP) to
be employed. Another benefit of this mechanical arrange-
ment 110 is that all adjacent devices have the same voltage
drop, such that there is an even voltage gradient across the
example PCB or buswork at all times. This enables medium
voltage circuitry on, for example and without limitation, a
two-layer PCB.

Additionally, as shown in FIG. 3, the single plane version
of the mechanical arrangement 110 can be divided down the
capacitor axis 150 such that first (e.g., without limitation,
upper with respect to FIGS. 5 and 6) and second (e.g.,
without limitation, lower with respect to FIGS. 5 and 6)
power sections are created. These two power sections then
can be sandwiched (as best shown in FIG. 6) into a structure
that enables a relatively more compact overall design. The
control circuitry 152 (FIG. 5) can either be placed in
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between these layers, as shown, or integrated into one or
both of the power PCBs or on the front of a module (not
shown).

As shown in FIG. 4, a circuit for the example half-leg 146
can be constructed using the five-level NPC mechanical
arrangement 110 of FIG. 3, but with multiple series and
parallel combinations of each component in order to provide
desired voltage and current ratings. For example and without
limitation, each IGBT, such as Q17, Q18, Q19, Q20, shown
is eight devices (e.g., two series sets of four parallel
devices). The FWDs, such as D48, D47, D46, D45, can also
be made of up to eight devices (e.g., two series sets of four
parallel devices). The other diodes, such as D49, D56, D55,
D52, D51, D50, are made of two devices (e.g., two series
devices). The capacitors, such as C16, C15, C14, C13, are
each made of four capacitors (e.g., two series sets of two
parallel devices). It will be appreciated that the power
semiconductor devices, diodes and capacitors can be made
of any suitable number and arrangement of such devices in
a wide range of simpler, different or more complex combi-
nations.

FIG. 4 shows the first half-leg 146 (e.g., without limita-
tion, upper power section) of FIG. 3. The second half-leg
148 (e.g., without limitation, lower power section) of FIG.
3 (not shown in FIG. 4) is similar except for the example
cutout 154 in the upper right (with respect to FIG. 4) corner.
This cutout 154 is for access to portions of the control
circuitry 152 (FIG. 5), and is not critical to the disclosed
concept. For convenience of reference, the IGBT, resistor
and capacitor reference designators are shown in both of
FIGS. 3 and 4.

FIGS. 5 and 6 show a partially assembled module 156
including the first and second half-legs 146, 148, which form
a phase-leg. The module 156 includes a suitable insulator
158 (e.g., without limitation, a number of sheets of plastic)
with cutouts and holes (not shown) used between the half-
legs 146, 148 for extra voltage isolation.

In the example of FIGS. 4-6, the first portion or first
half-leg 146 is on a first PCB, and the second portion or
second half-leg 148 is on a second PCB separated from the
first PCB by the example insulator 158. Also, in this
example, the first PCB is parallel to and above (with respect
to FIGS. 5 and 6) the second PCB. The first and second
PCBs each include a plurality of layers (e.g., without limi-
tation, two layers, such as a component side layer and a
circuit side layer).

Example 5

Referring again to FIG. 3, the alternating current voltage
output 160 is an alternating current connection point for the
phase-leg formed by the half-legs 146, 148. The alternating
current voltage output 160 provides, for example and with-
out limitation, a staircase alternating current voltage wave-
form and/or a non-sinusoidal alternating current waveform.
The staircase alternating current voltage waveform may
approximate a sinusoidal alternating current waveform with
progressively larger numbers of levels or any other suitable
alternating current waveform. For one alternating current
cycle, the half-leg 146 conducts the positive direction of
current flow, for example, through FWDs D48, D47, D46,
D45, through the transistors Q17, Q18, Q19, Q20 or through
various other paths depending upon which level it is
employing, to the alternating current voltage output 160 for
a first half of the alternating current cycle, thereby providing
a positive direction of current flow to the output 160. The
other half-leg 148 conducts the negative direction of current
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flow from the alternating current voltage output 160, for
example, through the FWDs D44, D43, D42, D41, through
the transistors Q21, Q22, Q23, Q24 or through various other
paths depending upon which level it is employing, for the
opposite second half of the alternating current cycle, thereby
providing an opposite negative direction of current flow
from the output 160.

The first half-leg 146 includes a first number (e.g., without
limitation, four in this example, although 16 individual
capacitors to form C16, C15, C14, C13 are shown in FIG. 4)
of direct current link capacitors 139, 141, 143, 145. The
second half-leg 148 similarly includes a second number
(e.g., without limitation, four in this example, although 16
are shown in FIG. 4 for the first half-leg 146) of direct
current link capacitors 138, 140, 142, 144. The capacitors
139, 141, 143, 145 are electrically connected in parallel with
the respective capacitors 138, 140, 142, 144, thereby per-
mitting the power converter to be constructed by being
folded across the axis 150 of these DC link capacitors.

If the mechanical arrangement 110 of FIG. 3 is employed
with an optional active front end (e.g., without limitation, an
AC to DC rectifier), then this power converter is a phase leg
of a rectifier.

Referring to FIG. 8, an alternate form of the conventional
electrical layout of a five-level NPP topology 70 of FIG. 7
can be made by connecting extra sets of FWDs that accom-
pany each IGBT into the single diode strings 200, 202 as
shown in FIG. 8. This topology 204 is a five-level NPP
phase-leg with the alternate configuration for the FWDs. In
normal operation, because the capacitors 72, 74, 76, 78 each
have positive voltage, this is functionally equivalent. In
principal, the anti-parallel FWDs associated with each IGBT
could then be eliminated, but they are generally needed to
protect the IGBT devices in most cases.

Example 6

An important aspect of the disclosed concept is a redrawn
mechanical arrangement 210 (FIG. 9) of the same power
circuit configuration of FIG. 8. In the disclosed mechanical
arrangement 210 of FIG. 9, there are no nets that cross. The
electronic circuit itself of FIG. 9 has the same electrical
connections as the topology 204 of FIG. 8, but is believed to
be mechanically novel and non-obvious. The capacitors 72,
74, 76, 78 of FIG. 8 are split into two parallel capacitors
272-273, 274-275, 276-277, 278-279, respectively, but this
is only shown to show later how it could optionally be split
into two separate circuit (e.g., without limitation, PCBs).

FIG. 9 shows the same five-level NPP electronic circuit of
FIG. 8, but redrawn into a single plane in accordance with
an embodiment of the disclosed concept. The disclosed
mechanical arrangement 210 of FIG. 9 enables a relatively
compact PCB or relatively very simple single plane buswork
to be employed. Another benefit of this layout is that all
adjacent devices have the same voltage drop, such that there
is an even voltage gradient across the circuit (e.g., without
limitation, PCB; buswork) at all times. This enables medium
voltage circuitry on, for example and without limitation, a
two-layer PCB.

Additionally, the single plane version of the layout can be
divided down the capacitor axis 280 such that first 282 (e.g.,
without limitation, upper layer) and second 284 (e.g., with-
out limitation, lower layer) power sections (e.g., without
limitation, PCB; buswork) are created. These two power
sections 282, 284 then can be sandwiched into a structure
(not shown, but see the sandwich structure of FIGS. 5 and
6) that enables a relatively more compact overall design. The
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control circuitry (not shown, but see the control circuitry 152
of FIG. 5) can be placed in between these two power
sections, integrated into one or both of such power sections,
or adjacent the two power sections.

A circuit assembly for the example first power section
(half-leg) 282 can be constructed using the five-level NPP
mechanical arrangement 210 of FIG. 9, but with multiple
series and parallel combinations of each component in order
to provide desired voltage and current ratings. For example
and without limitation, each IGBT, such as Q41, Q42, Q43,
Q44, Q45, Q46, Q47, Q48, Q49, Q50 shown is eight devices
(e.g., two series sets of four parallel devices), and each
FWD, such as D112, D111, D110, D109, D76, D77, D78,
D74, D75, can also be made of eight devices (e.g., two series
sets of four parallel devices). The other diodes, such as D85,
D86, D87, D88, D89, D90, D91, D92, D93, D94, are made
of two devices (e.g., two series devices). Also, diodes, such
as D85, D86, D87 and D88, are not always present. Further,
in the example embodiment, diode D73 and 1GBT/diode
Q50/D94 are three series sets of four parallel devices. It will
be appreciated that the power semiconductor devices, diodes
and capacitors can be made of any suitable number and
arrangement of such devices in a wide range of simpler,
different or more complex combinations.

A circuit assembly for the example second power section
(half-leg) 284 of FIG. 9 is not shown for brevity, but is
nearly identical except for the switch direction difference
shown in FIG. 9.

The example circuit assemblies shown in FIGS. 4 and 10
employ two PCB layers (e.g., without limitation, component
side and circuit side). The disclosed concept eliminates the
need for more than two PCB layers.

Example 7

FIG. 12 shows a redrawn mechanical arrangement 300 of
the same three-level NPP topology 80 of FIG. 11. This is
redrawn into a single plane after being split into half-legs
302, 304 in accordance with an embodiment of the disclosed
concept. An important aspect of this mechanical arrange-
ment 300 is that there are no nets that cross. The electronic
circuit itself of FIG. 12 has the same electrical connections
as the topology 80 of FIG. 11, but is believed to be
mechanically novel and non-obvious. The capacitors 306,
308 of FIG. 11 are split into two parallel capacitors 310-312,
314-316, respectively, of FIG. 12.

Example 8

FIG. 14 shows a redrawn mechanical arrangement 320 of
the same four-level NPP topology 90 of FIG. 13. This is
redrawn into a single plane after being split into half-legs
322, 324 in accordance with an embodiment of the disclosed
concept. An important aspect of this mechanical arrange-
ment 320 is that there are no nets that cross. The electronic
circuit itself of FIG. 14 has the same electrical connections
as the topology 90 of FIG. 13, but is believed to be
mechanically novel and non-obvious. The capacitors 326,
328, 330 of FIG. 13 are split into two parallel capacitors
332-334, 336-338, 340-342, respectively, of FIG. 14.

Example 9

FIGS. 15A-15C show another mechanical arrangement
360 of the same three-level NPP topology 80 of FIG. 11. For
convenience of comparison, the same component reference
designators for capacitors C29, C28, C21, C25, diodes
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D117, D118, D116, D132, D131, D133, and IGBTs Q68,
Q63, Q64, Q87, Q92, Q91 are shown in the mechanical
arrangement 300 of FIG. 12, it being understood that dif-
ferent mechanical structures (e.g., without limitation, a
number of PCBs; buswork) can be employed. In FIGS.
15A-15C, the IGBT diodes D134, D135, D138, D152,
D173, D174 are integrated with the IGBT package or are not
employed. The various capacitors, diodes and IGBTs of the
half-legs 302, 304 are electrically interconnected by indi-
vidual sections 362, 364, 366, 368, 370, 372, 374 and 363,
365, 367, 369, 371, 373, 375 of buswork. Such sections can
be made from a suitable conductor (e.g., without limitation,
copper) having a suitable cross section for a relatively high
current flow (e.g., as contrasted to PCB conductive traces).
FIG. 15C show the two half-legs 302, 304 folded onto a
number of cold plates 376. Alternatively, the number of cold
plates 376 can employ an air channel (not shown) with a
number of heat sink fins (not shown) and/or a number of
insulators (not shown) in order to electrically insulate one of
the half-legs 302, 304 from the other.

FIGS. 4-6, 9 and 10, 12, 14, and 15A-15C disclose
various mechanical arrangements 110, 210, 300, 320, 360 of
multilevel power converter circuits. For example, as shown
in FIGS. 4-6, the power converter mechanical arrangement
110 includes a first portion 146 with a plurality of first
control inputs 147, at least three direct current voltage inputs
(e.g., without limitation, five DC voltage inputs 6, 8, 10, 12,
14 are shown in FIG. 3) and the alternating current voltage
output 160, and a second portion 148 with a plurality of
second control inputs 149, the at least three direct current
voltage inputs (e.g., without limitation, five DC voltage
inputs 6, 8, 10, 12, 14 are shown in FIG. 3) and the
alternating current voltage output 160. The second portion
148 is split apart from the first portion 146. The power
converter mechanical arrangement 110 has at least three
levels (e.g., without limitation, five levels are shown in FIG.
3) corresponding to the at least three direct current voltage
inputs (e.g., without limitation, five DC voltage inputs 6, 8,
10, 12, 14 are shown in FIG. 3).

The disclosed concept is directly applicable to inverters
and motor drives of all power ranges.

The disclosed concept simplifies construction, including
the use of, for example and without limitation, simple PCBs
in the context of medium voltage converters. The disclosed
mechanical arrangements may split the power converter at
the AC connection point and unwrap the circuit into a first
(e.g., without limitation, upper) section and a second (e.g.,
without limitation, lower) section. After this unwrap, the
power converter may be constructed in a single layer or
folded across an axis of DC link capacitors, thereby lending
to a relatively very simple mechanical arrangement. All of
the elements of the power converter are exposed to an even
voltage distribution (e.g., without limitation, an even voltage
from corner to corner of the example PCBs or buswork),
which enables a very compact layout and allows relatively
smaller clearances.

While specific embodiments of the disclosed concept
have been described in detail, it will be appreciated by those
skilled in the art that various modifications and alternatives
to those details could be developed in light of the overall
teachings of the disclosure. Accordingly, the particular
arrangements disclosed are meant to be illustrative only and
not limiting as to the scope of the disclosed concept which
is to be given the full breadth of the claims appended and any
and all equivalents thereof.
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What is claimed is:

1. A mechanical arrangement of a multilevel power con-
verter circuit for a single phase leg, comprising:

a first inverter portion including (i) three or more direct
current (DC) voltage input ports, and (ii) a first plurality
of capacitors electrically coupled to the DC voltage
input ports, and (iii) only one alternating current (AC)
voltage output port, the first portion corresponding to a
first half of the phase leg;

a second inverter portion including (i) the three or more
DC voltage input ports, and (ii) a second plurality of
capacitors electrically coupled to the DC voltage input
ports, and (iii) the one AC voltage output port, the
second portion corresponding to the other half of the
phase leg;

wherein each capacitor of the first plurality of capacitors
forms a parallel capacitor with a corresponding one of
the capacitors of the second plurality of capacitors.

2. The mechanical arrangement of claim 1 wherein the

power converter is a phase-leg of a motor drive.

3. The mechanical arrangement of claim 1 wherein the
power converter is a phase-leg of a multilevel inverter
selected from a group consisting of a diode-clamped mul-
tilevel inverter, a multilevel neutral point clamped inverter,
a three-level neutral point clamped inverter, a four-level
neutral point clamped inverter, a five-level neutral point
clamped inverter, a multilevel neutral point piloted anti-
parallel inverter, a multilevel neutral point piloted inverter,
a three-level neutral point piloted inverter, a four-level
neutral point piloted inverter, and a five-level neutral point
piloted inverter.

4. The mechanical arrangement of claim 1 wherein the at
least three levels is three levels.

5. The mechanical arrangement of claim 1 wherein the
three or more levels is at least four levels.

6. The mechanical arrangement of claim 5 wherein the at
least four levels is four levels.

7. The mechanical arrangement of claim 6 wherein the at
least four levels is five levels.

8. The mechanical arrangement of claim 1 wherein the
first portion is on a first printed circuit board; and wherein

10

15

20

25

30

35

40

12

the second portion is on a second printed circuit board
separated from the first printed circuit board by an insulator.

9. The mechanical arrangement of claim 8 wherein the
power converter circuit is structured to output a medium
voltage.

10. The mechanical arrangement of claim 8 wherein the
first printed circuit board is parallel to the second printed
circuit board.

11. The mechanical arrangement of claim 8 wherein the
first printed circuit board is above the second printed circuit
board.

12. The mechanical arrangement of claim 8 wherein the
first printed circuit board includes a first plurality of layers;
and wherein the second printed circuit board includes a
second plurality of layers.

13. The mechanical arrangement of claim 12 wherein the
first plurality of layers and the second plurality of layers are
two layers.

14. The mechanical arrangement of claim 1 wherein the
first portion is electrically interconnected by a first buswork;
and wherein the second portion is electrically interconnected
by a second buswork separated from the first buswork by at
least one insulator.

15. The mechanical arrangement of claim 1 wherein the
first portion is on a first layer of a printed circuit board; and
wherein the second portion, separated from first the layer by
an insulator, is on a second layer of the printed circuit board.

16. The mechanical arrangement of claim 1 wherein the
first portion is on a first area of a printed circuit board; and
wherein the second portion is on a second area of the printed
circuit board, the first said portion separated from the second
said portion by a gap.

17. The mechanical arrangement of claim 16 wherein the
power converter circuit is structured to output a low voltage.

18. The mechanical arrangement of claim 17 wherein the
first area of the printed circuit board includes at least one
layer; and wherein the second area of the printed circuit
board includes at least one layer.
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